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[57] ABSTRACT

In a nonvolatile memory device, a write operation is per-
formed upon used memory cells. Then, an erase operation is
performed upon the used memory cells as well as unused
memory cells. Finally, a write operation is performed upon
only the unused memory cells.
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METHOD FOR ERASING NONVYOLATILE
SEMICONDUCTOR MEMORY DEVICE
INCORPORATING REDUNDANCY MEMORY
CELLS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a nonvolatile semicon-
ductor memory device, and more particulary, to a method for
erasing a nonvoiatile memory device incorporating redun-
dancy memory cells.

2. Description of the Related Art

In a nonvolatile semiconductor memory device, a write
operation can be carried out after the device is mounted on
a printed circuit board. One typical example of such a device
is a flash memory which has an advantage in that data
storage is possible without a backup battery and which is
highly integrated. Generally, a memory cell of the flash
memory is comprised of a semiconductor substrate having
an N"-type source region, an N*-type drain region connected
to a bit line, a floating gate over a channel region of the
substrate, and a control gate over the floating gate. The
control gate is connected to a word line.

In a flash erase mode, when a positive high voltage is
applied to the source region and the control gate is grounded,
electrons stored in the floating gate are expelled therefrom.
In this case, since the amount of electrons stored in the
floating gate immediately before the erase mode affects the
threshold voltage of the cell after the erase mode, the
threshold voltage is greatly fluctuated. At worst, the thresh-
old voltage of the cell is mode negative by an over-erase
phenomenon, 1.c., the cell becomes a depletion-type tran-
sistor.

When writing the depletion-type cell, a large leakage
current flows between the drain region and the source region

to reduce the potential at the drain region, so that it is

impossible to carry out a write operation. Also, since a
leakage current flows through the depletion-type cell which
is non-selected, the other cells connected to the same bit line
of the depletion-type cell are deemed to be in an ON state.

In order to avoid the above-mentioned over-erase
phenomenon, a write operation before the flash erase opera-
tion is performed upon all the memory cells, to converge the
threshold voltages.

On the other hand, in recent years, even in the nonvolatile
memory device, redundancy memory cells are introduced
thereinto. That is, if a defective memory cell is found in
normal memory cells, the defective memory cell is replaced
by its corresponding redundancy memory cell. Thus, the
problem of the defective memory cell is alleviated.

In a prior art method for erasing a nonvolatile semicon-
ductor device incorporating redundancy memory cells, a
write operation immediately before a flash erase operation is
performed upon the redundancy memory cells as well as the
normal memory cells, thus avoiding an over-erase operation
for the unused memory cells (see: JP-A-4-159695). This will
be explained later in detail.

In the above-described prior art method, however,
although the unused memory cells are actually unused, if at
least one of the unused memory cells is over-erased, i.e., of

a depletion type, the device is automatically determined to
be failed, thus reducing the manufacturing yield of the
device.

In addition, it has been reported that an erratic erase
phenomenon may occur in a nonvolatile memory device.
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That is, an accidental and temporary over-erase phehom-
enon by traps of holes occurs, and this phenomenon is
dissolved by the next write operation. Therefore, it is hard to
find the erratic erase phenomenon. Thus in view of the
erratic erase phenomenon, the unused memory cells as well
as the used memory cells may be over-erased.

SUMMARY OF THE INVENTION

It is an object of the present invention to avoid an
over-erase phenomenon for the unused memory cells of a
nonvolatile semiconductor memory device incorporating
redundancy memory cells, thus enhancing the manufactur-
ing yield of the device.

According to the present invention, in a nonvolatile
memory device, a write operation is performed upon used
memory cells. Then, an erase operation is performed upon
the used memory cells as well as unused memory cells.
Finally, a write operation is performed upon only the unused
memory cells. Thus, the threshold voltages of the unused
memory cells are made higher, and accordingly, the deple-
tion phenomenon hardly occurs in the unused memory cells.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more clearly understood
from the description as set forth below, as compared with the
prior art, with reference to the accompanying drawings,
wherein:

FIGS. 1A and 1B are block circuit diagrams illustrating a
prior art semiconductor memory device incorporating
redundancy memory cells;

FIG. 2 is a detailed circuit diagram of the row decoder of
FIG. 1;

FIG. 3 is a detailed circuit diagram of the redundancy row
decoders of FIG. 1;

FIG. 4 is a detailed circuit diagram of the erase circuit of
FIG. 1;

FIG. 5 is a detailed circuit diagram of the column decoder
of FIG. 1;

FIG. 6 is a detailed circuit diagram of the write circuit of
FIG. 1;

FIG. 7 is a detailed circuit diagram of the sense amplifier
of FIG. 1;

FIG. 8 is a detailed circuit diagram of the predecoder
portion of FIG. 1;

FIG. 9 is a diagram for explaining used memory cells and
unused memory cells of FIG. 1;

FIG. 10 a flowchart for showing a prior art method for
writing, erasing and verifying a nonvolatile memory device;

FIGS. 11A, 11B, 11C and 11D are graphs showing thresh-
old voltage characteristics of memory cells obtained by the
routine of FIG. 10;

FIG. 12 is a flowchart for explaining a first embodiment
of the method for writing, erasing and verifying a nonvola-
tile semiconductor memory device according to the present
invention:

FIG. 13 is a graph showing threshold voltage character-
istics of memory cells obtained by the routine of FIG. 12;

FIG. 14 is a flowchart for explaining a second embodi-
ment of the method for writing, erasing and verifying a
nonvolatile semiconductor memory device according to the
present invention;

FIG. 15 is a flowchart for explaining a third embodiment
of the method for writing, erasing and verifying a nonvola-
tile semiconductor memory device according to the present
invention;
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FIG. 16 is a graph showing threshold voltage character-
istics of memory cells obtained by the routine of FIG. 15;

FIG. 17 is a flowchart for explaining a fourth embodiment
of the method for writing, erasing and verifying a nonvola-
tile semiconductor memory device according to the present
invention;

FIG. 18 is a circuit diagram of a predecoder according to
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before the description of the preferred embodiments, a
prior art semiconductor memory device incorporating
redundancy memory cells and a prior art method for erasing
the device will be explained with reference to FIGS. 1A, 1B,
2 through 10, 11A, 11B, 11C and 11D.

In FIGS. 1A and 1B, which illustrate a prior art semicon-
ductor memory device, a plurality of word lines WL0, WL1,
..., WLm, a plurality of redundancy word lines RWL9,
EWL1L,...,RWL7, RWLS, RWLY, ..., RWL1S, and bit
lines BLO, BL1, ..., BLn are provided. Reference numeral
1 designates a normal memory cell array formed by normal
memory cells M0, MO1, . . . , NOn, M10, M11, . .. each of
which has a source, a drain connected to one of the bit lines
BLO, BL1, .. .. BLn, a floating gate and a control gate
connected to one of the word lines WL1, WL2, ..., WLm.

A redundancy memory cell array 2-1 is formed by redun-
dancy memory cells RM00, RM01, ..., RMOn, ..., each
of which has a source, a drain connected to one of the bit
lines BLO, BL1,. .., BLn, a floating gate and a control gate
connected to one of the redundancy word lines RWLO,
RWL1, ..., RWL7. Similarly, a redundancy memory cell
array 2-2 is formed by redundancy memory cells RM80,
RMS1.....,RMS8n, . ... each of which has a source, a drain
connected to one of the bit lines BLO, BL1,.. ., BlLn, a
floating gate and a control gate connected to one of the
redundancy word lines RWLS, RWLS, . . . , RWL15.

A row decoder 3 selects one of the word lines WLO, WL1,
. . . , WLm. Also, a redundancy row decoder 4-1 selects one
of the redundancy word lines RWL#, RWL1, ..., RWL7,
and a redundancy row decoder 4-2 selects one of the

redundancy word lines RWLS.
An erase circuit 8 is connected to all the sources of the
normal memory cclls M09, MOL, ..., MOn, . .., and the

redundacy memory cclls RM08, RMO1, ..., RMn,.. ..
As a result, during an erase mode, the voltages at the sources
are caused to be high (=V_,). On the contrary, during a
write/read mode, the sources are grounded.

A column selection circuit 6 is comprised of column
selection transistors Q ., Q.. - - . , Q. €ach between one
of the bit lines BLO, BL1.. .., BLn and a digit line DL0. One
of the column selection transistors Q_q, Q.1 5 - . - 5 Q. 18
selected and turned ON by a column decoder 7.

A write circuit 8 receives an input data signal from an
imput/output buffer 9 and transmits it to the digit line DLO.
Also, a sense circuit 10 senses data at the digit line DLO and
transmits it to the input/output buffer 9.

The row decoder 3, the redundancy row decoders 4-1 and
4-2, and the column decoder 7 are controlled by receiving
address signals from a predecoder portion 11 which also
receives external address signals from an address buffer 12
and internal address signals from a sequence control/voltage
supply circuit 13.

The sequence control/voltage supply circuit 13 receives
control signals from an input/output buffer 14 to control the
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entire device. Also, the sequence control/voltage supply
circuit 13 supplies power supply voltages such as V, and
Vpy to the elements of the device.

Note that the normal memory cell array 1, the redundancy
memory cell arrays 2-1 and 2-2, the column switching
circuit 6, the write circuit 8, the input/output buffer 9 and the
sense amplifier 10 form one block; other blocks such as
seven blocks the same as this block are also provided and are
connected to the erase circuit 5.

Each element of the device of FIG. 1 is explained next
with reference to FIGS. 2 to 8.

In FIG. 2, which is a detailed circuit diagram of the row
decoder 3 of FIG. 1, circuits 31, 32, . . . , which have the
same configuration, are provided for every eight word lines
such as WLO, WL1, ..., WL7. For example, the circuit 31
is comprised of a NAND circuit 311 for receiving address
signals from the predecoder portion 11, eight transfer gate
transistors 312, P-channel MOS transistors 313 and 314, and
an N-channel MOS transistor 31S. In this case, the transis-
tors 314 and 315 form a CMOS inverter. Also, the NAND
circuit 311 receives an inverted signal of a redundancy
selection signal RS. Therefore, when the redundancy selec-
tion signal RS is high (active), i.e., the redundancy memory
cell array 4-1 or 4-2 is selected, the NAND circuit 311 (321)
is disabled. Contrary to this, when the redundancy selection
signal RS is low (inactive), i.e., the redundancy memory cell
arrays 4-1, and 4-2 are not selected, the NAND circuit 311
(321) is enabled. That is, the output of one of the NAND
circuits 311, 321, . . . is low. Also, one of the predecode
signals BX0, BX1, ..., BX7 is made high. For example, if
the predecode signal BX9® is high, and a mode signal MD
generated from the sequence control/voltage supply circuit
13 is high, the ransistor 313 is turned OFF and the transistor
314 is turned ON, s0 that the voltage at the word line WLO
is Vp . Note that V,  is V, p such as 12V during a write
mode, V. . is V- - such as 5V during a read mode, and V,,
x is OV during an erase mode.

Further, during a verifying mode for a lower limit value
VL of threshold voltage, the mode signal MD is made low.
As aresult, the transistors 313, 323, ..., are turned ON, and
accordingly, the tramsistors 315, 325, . . . , are turned ON.
Therefore, a voltage V¢ , corresponding to the lower limit
value VL is applied to the word lines WLO, WL1, ... . Note
that, if the control is not in a verifying mode, the voltage V¢
x is caused to be OV. |

In FIG. 3, which is a detailed circuit diagram of the
redundancy row decoders 4-1 and 4-2, of FIG. 1, the
redundancy row decoders 4-1 and 4-2, which have the same
configuration, are provided for every eight redundancy word
lines such as RWLO, RWL1, . .., RWLY. For example, the
redundancy row decoder 4-1 is comprised of an inverter 411
for a redundancy selection signal RS0 from the predecoder
portion 11, eight transfer gate transistors 412, P-channel
MOS ftransistors 413 and 414, and an N-channel MOS
transistor 415. In this case, the transistors 414 and 415 form
a CMOS inverter. Therefore, when the redundancy selection
signal RS# is low (inactive) , the output of the inverter 411
is high so that the redundancy memory cell array 4-1 1s
disabled. Contrary to this, when the redundancy selection
signal RS0 is high (active) the output of the inverter 411 is
low. Also, one of the predecode signals BX0, BX1, ... ,BX7
is made high. For example, if the predecode signal BX@ is
high and the mode signal MD is high, the transistor 413 is
turned OFF and the transistor 414 is turned ON, so that the
voltage at the redundancy word line RWLO 1s V, 4.

Further, during a verifying mode for a lower limit value
VL of threshold voltage, the mode signal MD is made low.
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As aresult, the transistor 413 is turned ON, and accordingly,
the transistor 415 is turned ON. Therefore a voltage V_,
corresponding to the lower limit value VL is applied to the
redundancy word lines RWLO, RWL1, . ...

In FIG. 4, which is a detailed circuit diagram of the erase
circuit S of FIG. 1, an erase signal ER is supplied from the
sequence control/power supply circuit 13 via inverters 501
and 502 to a flip-flop formed by P-channel MOS transistors
503 and 504 and N-channel MOS transistors 505 and 506.
The flip-fiop is powered by the power supply voltage V., .
Also, a P-channel MOS ftransistor 507 and an N-channel
MOS transistor 508 are connected in series and are powered
by the power supply voltage V. ... The gate of the P-channel
MOS transistor 507 is controlled by the output voltage of the
flip-flop, while the gate of the N-channel MOS transistor 508
is controlled by an inverted signal of the erase signal ER.
During an erase mode (ER="1"), the output voltage of the
inverter S01 1s low (=0V), so that the transistor 508 is turned
OFF, and the output voltage of the flip-flop is also low, so
that the transistor 307 is turned ON. As a result, the voltages
of the sources are Vp p. Contrary to this, during a non-erase
mode (ER="“()"), the output voltage of the inverter 501 is
high (=V . ), so that the transistor 508 is turned ON, and the
output voltage of the flip-flop is high (=V, ), 50 that the
transistor 507 is turned OFF. As a result, the voltages of the
sources are OV.

In FIG. §, which is a detailed circuit diagram of the
column decoder 7 of FIG. 1, circuits 71, 72, . .., which have
the same configuration, are provided for the column selec-
tion transistors Q. Q.;, - - . . For example, the circuit 31 is
comprised of a NAND circuit 711 for receiving address
signals from the predecoder portion 11, a transistor 712,
P-channel MOS transistors 713 and 714 and an N-channel
MOS transistor 715. In this case, the transistors 714 and 715
form a CMOS inverter. Therefore, only when the output
voltage of the NAND circuit 711 is low (=0V), is the
transistor 714 turned ON so that the voltage at the gate of the
column selection tramsistor Q_, is Vp 5. In this case, the
transistor 713 is turned OFF. Otherwise, when output volt-
age of the NAND circuit 711 is high, the transistor 715 is
turned ON so that the voltage at the gate of the column
selection transistor Q4 is OV. In this case, the transistor 713
is turned ON.

In FIG. 6, which is a detailed circuit diagram of the write
circuit 8 of FIG. 1, the write circuit 8 includes a NAND
circuit 801 for receiving input data DI via an inverter 802
and a program signal PG from the sequence control/power
supply circuit 13. Also, the write circuit 8 includes a transfer
gate transistor 803, P-channel MOS transistors 804 and 805,
and an N-channel MOS transistor 806. In this case, the
transistors 805 and 806 form a CMOS inverter, whose output
drives an N-channel MOS transistor 807. In a write mode
(PG="1"), the NAND circuit 801 passes the input data DI
therethrough, so that the output of the CMOS inverter is high
(=Vp o) or low (=0V) in accordance with the input data DL
Thus, the voltage at the digit line DLO is pulled up to V, ..
Conversely, in a read mode (PG="0"), the NAND circuit 801
1s disabled, thus prohibiting the transition of the input data
DI therethrough.

In FIG. 7, which is a detailed circuit diagram of the sense
amplifier 10 of FIG. 1, the sense amplifier 10 includes a
reference voltage generating circuit 101 and a comparator
102. The reference voltage generating circuit 101 is com-
prised of a variable constant current source 1011, N-channel
MOS transistors 1012, 1013, 1014 and 1015, an inverter
1016, and P-channel MOS transistors 1017 and 1018 form-

ing a mirror circuit. In the reference voltage generating
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circuit 101, a current determined by the current source 1011
flows through a path formed by the elements 1017, 1012 and

1013, and the same current also flows through the elements
1018, 1014 and 1015, thus generating a reference voltage

V res

The comparator 102 is comprised of N-channel MOS
transistors 1021, 1022 and 1023 corresponding to the tran-
sistors 1012, 1014 and 1015, respectively, an inverter 1024

corresponding to the inverter 1016, and P-channel MOS
transistors 1025 and 1026 corresponding to the transistors

1017 and 1018, respectively. Therefore, if the voltage at the
digit line DLO is low, a current flows through the transistors
1021 and 1025 to pull up the voltage at an input of an
inverter 103. Conversely, if the voltage at the digit line DLLO
is high, a current hardly flows through the transistors 1021
and 1025 to pull down the voltage at the input of the inverter
103. Thus, the output of the inverter 103 is supplied via an
inverter 104 to the input/output buffer 9. Note that the sizes
of the transistors 1014 and 1022 are adjusted to obtain a
predetermined resistance ratio therebetween.

In FIG. 8, which is a partly-detailed circuit diagram of the
predecoder portion 11 of FIG. 1, a row predecoder 1101 is
provided for receiving three lower bits of a row address to
generate the predecode signals BX0, BX1, . . . , BX7 and
transmit them to the row decoder 3 and the redundancy row
decoders 4-1 and 4-2.

Also, fuse-type programmable read-only memories
(PROMs) 1102 and 1103 are provided for storing row
addresses defined by the upper bits of the row address except
for the above-mentioned three lower bits. That is, when one
or more memory cells are determined to be defective in the
normal memory cell array 1, row addresses indicating such
defective memory cells are written into the fuse-type
PROMs 1102 and 1103. As a result, when a read or write
address coincides with one of the addresses stored in the
fuse-type PROMs 1102 and 1103, the fuse-type PROM 1102
or 1103 generates a redundancy selection signal RS0 or RS1,
thus replacing rows of the memory cells in the normal
memory cell array 1 including the defective memory cell
with the redundancy memory cell array 2-1 or 2-2. Thus, the
defective memory cells are alleviated.

The redundancy selection signal RS0 generated from the
fuse-type PROM 1102 is transmitted via a switch 1104 and
an OR circuit 1105 to the redundancy row decoder 4-1.
Similarly, the redundancy selection signal RS1 generated
from the fuse-type PROM 1103 is transmitted via a switch
1106 and an OR circuit 1107 to the redundancy row decoder
4-2. Also, the redundancy selection signals RS0 and RS1 are
transmitted via an OR circuit 1108 as the redundancy
selection signal RS to the row decoder 3. That is, when at
least one of the redundancy memory cell arrays 2-1 and 2-2
is selected, the row decoder 3 is disabled.

The switches 1104 and 1106 are controlled by the
sequence control/power supply circuit 13. For example,
even if the redundancy selection signal RSO is generated
from the fuse-type PROM 1102, the sequence control/power
supply voltage 13 makes the switch 1104 open, so that the
row of the memory cells including a defective memory cell
can be selected in the normal memory cell array 1.

On the other hand, redundancy selection signals RSO’ and
RS1' are supplied from the sequence control/power supply
circuit 13 via the OR circuits 1105 and 1107. For example,
even if the redundancy selection signal RS0 is not generated
from the fuse-type PROM 1102, the sequence control/power
supply circuit 13 generates the redundancy selection signal
RS0, so that the redundancy memory cell array 2-1 can be
selected.
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In FIG. 9, which illustrates a state of the normal memory
cell array 1 and the redundancy memory cell arrays 2-1 and
2-2 of FIG. 1, when a defective memory cell as indicated by
X is found in the normal memory cell array 1, rows of
memory cells of the normal memory cell array 1 including
the defective memory cell are replaced by the redundancy
memory cell array 2-1. In this case, the normal memory cell
array 1 except for a shaded portion thereof and the redun-
dancy memory cell array 2-1 are used, while the shaded
portion of the normal memory cell array 1 and the redun-
dancy memory cell array 2-2 are unused.

A prior art method for writing, erasing and verifying the
memory calls of FIG. 1 is explained next with reference to
FIG. 10 as well as FIGS. 9 and 11A, 11B, 11C and 11D. Note
that FIG. 10 is a routine carried out by the sequence
control/power supply circuit 1J). Also, assume that the
sequence control/power supply circuit 13 recognizes the
contents of the fuse-type PROMs 1102 and 1103.

First, at step 1001, a write operation is performed upon the
used memory cells as shown in FIG. 9. In this case, the
sequence control/power supply circuit 13 closes the switches
1104 and 1106, and does not generate the redundancy
selection signals RS9' and RST'. Also, the sequence control/
power supply circuit 13 generates the program signal PG to
activate the write circuit 8 for data “0”. Then, an address is
sequentially incremented and transmitted to the predecoder
portion 11. As a result, as indicated by X1 in FIG. 11A, the
threshold voltages of the used cells are made high.

Next, at step 1002, a write operation is also performed
upon the unused memory cells as shown in FIG. 9. In this
case, the sequence control/power supply circuit 13 opens the
switch 1104 and closes the switch 1106. Also, the sequence
control/power supply circuit 13 generates the program signal
PG to activate the write circuit 8 for data “0”. Then, the
address stored in the fuse-type PROM 1102 is generated and
transmitted to the predecoder portion 11. As a result, data
“0” is written into the row of the normal memory cell array
1 corresponding to the address stored in the fuse-type
PROM 102. Then, the redundancy selection signal RSYT is
generated and transmitted to the predecoder portion 11. As
a result, data “0” is written into the redundancy memory cell
array 2-2 as indicated by Y1 in FIG. 11A, the threshold
voltages of the unused memory cells are also made high.

Next, at step 1003, a flash erase operation is performed
upon the used memory cells and the unused memory cells.
That is, the sequence control/voltage supply circuit 13
generates the erase signal ER for a predetermined short time
period and transmits it to the erase circuit S. Therefare, the
high power supply voltage Vp p is supplied to the sources of
all the memory cells, while all the word lines WL0, WL1, .
. . » WLm and the redundancy word lines RWL0, RWL1, .
.., RWL7, RWLS, ..., RWL1S are grounded. As a result,
all the used memory cells as well as all the unused memory
cells are erased. Thus, the threshold voltages of the used
memory cells are made low as indicated by X2 in FIG. 11A,
and also, the threshold voltages of the unused memory cells
are made low as indicated by Y2 in FIG. 11A.

Next, at step 1004, a verifying operation is performed
upon the used memory cells, to determine whether or not the
threshold voltages of the used memory cells are lower than
an upper limit value VU which is slightly lower than a read
voltage at the word lines WLO, WL1, . . . WLm, and the
redundancy word lines RWL0, RWL], . . ., RWL1S. For
example, the upper limit value VU is 3.0V to 3.5V. That is,
the sequence control/power supply circuit 13 closes the
switches 1104 and 1106, and does not generate the redun-
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dancy selection signals RS0’ and RS1' and the program
signal PG. Also, the sequence control/power supply circuit
13 sets VU in the voltage Vp . Then, an address is
sequentially incremented and transmitted to the predecoder
portion 11, so as to determine whether or not the threshold
voltages of the used memory cells are lower than the upper
limit value VU in accordance with the output of the sense
amplifier 10.

At step 1004, when at least one of the threshold voltages
of the used memory cells is not lower than the upper limit
value VU, the control returns to step 1003, thus repeating the
operations at steps 1003 and 1004.

At step 1004, when all the threshold voltages of the used
memory cells are lower than the upper limit value VU, the
control proceeds to step 100S.

At step 1005, a verifying operation is performed upon all
the used memory cells, to determine whether or not the
threshold voltages of the used memory celis are higher than
a lower limit value VL which is slightly higher than OV, for
example, 0.3V. That is, at step 1005, it is determined whether
or not the used memory cells are not of a depletion type. In
this case, the sequence control/power supply circuit 13
closes the switches 1104 and 1106, and does not generate the
redundancy selection signals RSO' and RSY. Also, the
sequence control power supply circuit 13 sets VL in the
voltage V_., while the mode signal MD is made high to turn
OFF the transistors 313, 323, ..., 413 and 423. Then, an
address is sequentially gencrated and transmitted to the
predecoder portion 11, so as to determine whether or not the
threshold voltages of the used memory cells are higher the
lower limit value VL in accordance with the output of the

sense amplifier 10.

At step 1005, when at least one of the used memory cells
is not higher than the lower limit value VL, the control
proceeds to step 1008 which determines that the device is
failed. Otherwise, the control proceeds to step 1006.

At step 1006, a verifying operation is performed upon all
the unused memory cells, to determine whether or not the
threshold voltages of the unused memory cell are higher
than the lower limit value VL. That is, at step 1006, it is
determined whether or not the unised memory cells are not
of a depletion type. In this case, the sequence control/power
supply circuit 13 closes the switch 1104 and opens the
switch 1106. Also, the sequence control power supply circuit
13 sets VL in the voltage V ,, while the mode signal MD
is made high to turn OFF the transistors 313, 323, ..., 413
and 423. Then, the address stored in the fuse-type PROM
1102 is gencrated to the predecoder portion 11, so as to
determine whether or not the unused memory cells of the
normal memory cell array 1 are higher than the lower limit
value VL in accordance with the output of the sense ampli-
fier 10. Then, the redundancy selection signal RS1' is

generated and transmitted to the predecoder portion 11, so as
to determine whether or not the threshold voltages of the

unused memory cells of the redundancy memory cell array
2-2 are higher the lower limit value VL in accordance with
the output of the sense amplifier 10.

At step 1006, when at least one of the unused memory
cells is not higher than the lower limit value VL, the control
proceeds to step 1008 which determines that the device is
failed. Otherwise, the control proceeds to step 1007 which
determines that the device is passed.

According to the routine of FIG. 10, when the determi-
nations at steps 1005 and 1006 are both affirmative as shown
in FIG. 11A, the device is determined to be passed. On the
contrary, when the determinations at steps 1005 and 1006
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are both negative as shown in FIG. 11B, when the determi-
nation at step 1005 is negative and the determination at step
1006 is affirmative as shown in FIG. 11C, or when the
determination at step 1005 is affirmative and the determi-
nation at step 1006 is negative as shown in FIG. 11D, the
device is determined to be failed.

In FIG. 12, which illustrates a first embodiment of the
present invention, step 1002 of FIG. 10 is deleted, and step
1201 is provided instead of step 1006 of FIG. 19.

First, at step 1001, a write operation is performed upon the
used memory cells as shown in FIG. 9. In this case, the
sequence control/power supply circuit 13 closes the switches
1104 and 1106, and does not generate the redundancy
selection signals RS0’ and RSY'. Also, the sequence control/
power supply circuit 13 generates the program signal PG to
activate the write circuit 8 for data “0”. Then, an address is
sequentially incremented and transmitted to the predecoder
portion 11. As a result, as indicated by X1 in FIG. 13, the
threshold voltages of the used cells are made high.

Next, at step 1003, a flash erase operation is performed
upon the used memory cells and the unused memory cells.
That is, the sequence control/voltage supply circuit 13
generates the erase signal ER for a predetermined short time
period and transmits it to the erase circuit 5. Therefore, the
high power supply voltage V,,  is applied to the sources of
all the memory cells, while all the word lines WL, W11, .
. . » WLm and the redundancy word lines RWL0, RWL1, .
.., RWL7, RWLS, ..., RWL1S are grounded. As a result,
all the used memory cells as well as all the unused memory
cells are erased. Thus, the threshold voltages of the used
memory cells are made low as indicated by X2 in FIG. 13,
and also, the threshold voltages of the unused memory cells
are made low as indicated by Y1' in FIG. 13. In FIG. 13,
assume that the used memory cells after the flash erase
operation are not of a depletion type as indicated by X2 in
FIG. 13, and some of the unused memory cells after the flash
erase operation are of a depletion type as indicated by Y' in
FIG. 13.

Next, at step 1004, a verifying operation is performed
upon the used memory cells, to determine whether or not the
threshold voltages of the used memory cells are lower than
the upper limit value VU. That is, the sequence control/
power supply circuit 13 closes the switches 1104 and 1106,
and does not generate the redundancy selection signals RS0’
and RS1' and the program signal PG. Also, the sequence
control/power supply circuit 13 sets VU in the voltage V..
Then, an address is sequentially incremented and transmit-
ted to the predecoder portion 11, so as to determine whether
or not the threshold voltages of the used memory cells are
lower than the upper limit value VU in accordance with the
output of the sense amplifier 10.

At step 1004, when at least one of the threshold voltages
of the used memory cells is not lower than the upper limit
value YU, the control returns to step 1003, thus repeating the
operations at steps 1003 and 1004.

At step 1004, when all the threshold voltages of the used
memory cells are lower than the upper limit value VU, the
control proceeds to step 1005.

At step 1005, a verifying operation is performed upon all
the used memory cells, to determine whether or not the
threshold voltages of the used memory cells are higher than
the lower limit value VL. That is, at step 1005, it is
determined whether or not the used memory cells are not of
a depletion type. In this case, the sequence control/power
supply circuit 13 closes the switches 1104 and 1106, and
does not generate the redundancy selection signals RS0’ and
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RST'. Also, the sequence control power supply circuit 1.3 sets
VL in the voltage V_, while the mode signal MD is made
high to turn OFF the transistors 313, 323, ... ,413 and 423.
Then, an address is sequentially generated and transmitted to
the predecoder portion 11, so as to determine whether or not
the threshold voltages of the used memory cells are higher
the lower limit value VL in accordance with the output of the
sense amplifier 10.

At step 1005, when at least one of the used memory cells
is not higher than the lower limit value V1., the control
proceeds to step 1008 which determines that the device is
failed. Otherwise, the control proceeds to step 1201.

At step 1201, a write operation is also performed upon the
unused memory cells as shown in FIG. 9. In this case, the
sequence control/power supply circuit 13 opens the switch
1104 and closes the switch 1106. Also, the sequence control/
power supply circuit 13 generates the program signal PG to
activate the write circuit 8 for data “0”. Then, the address
stored in the fuse-type PROM 1102 is generated and trans-
mitted to the predecoder portion 11. As a result, data “0” is
written into the row of the normal memory cell array 1
corresponding to the address stored in the fuse-type PROM
1102. Then, the redundancy selection signal RS1' is gener-
ated and transmitted to the predecoder portion 11. As a
result, data “0” is written into the redundancy memory cell
array 2-2 as indicated by Y2' in FIG. 13, the threshold
voltages of the unused memory cell are also made high.
Then, the control proceeds to step 1007 which determines
that the device is passed.

According to the first embodiment as illustrated in FIG.
12, even when the threshold voltages of the unsed memory
cells are over-erased as indicated by Y1' in FIG. 13, the
over-erased unused memory cells can be cormrected by the
write operation at step 1201. Thus, the device which is
determined to be failed in the prior art method as shown in
FIG. 11D can be determined to be passed.

In FIG. 14, which illustrates a second embodiment of the
present invention, step 1401 is added to the routine of FIG.
12. That is, at step 1401, a verifying operation is performed
upon all the used memory cells, to determine whether or not
the threshold voltages of the used memory cells are higher
than a lower limit value VL which is slightly higher than OV,
for example, 0.3V. That is, at step 1401, it is determined
whether or not the used memory cells are not of a depletion
type. In this case, the sequence control/power supply circuit
13 closes the switches 1104 and 1106, and does not generate
the redundancy selection signals RS’ and RS1'. Also, the
sequence control power supply circuit 13 sets VL in the
voltage V., while the mode signal MD is made high to turn
OFF the transistors 313, 323, ... . 413 and 423. Then, an
address is sequentially generated and transmitted to the
predecoder portion 11, so as to determine whether or not the
threshold voltages of the used memory cells are higher than
the lower limit value VL in accordance with the output of the
sense amplifier 10.

At step 1401, when at least one of the used memory cells
is not higher than the lower limit value VL, the control
returns to step 1201. Thus, the write operation at step 1201
is repeated until the threshold voltages of all the unsed
memory cells are not of a depletion type. Then, the control
proceeds to step 1007 which determines that the device is
passed.

According to the second embodiment as illustrated in
FIG. 14, the over-erased unused memory cells can be
completely corrected.

In FI(. 16, which illustrates a third embodiment of the
present invention, step 1002 is added to the routine of FIG.
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12. That is, before the flash erase operation, a write operation
is also performed upon the unused memory cells. As a resuit,
the threshold voltages of the unused memory cells are made
high as indicated by Y@ in FIG. 16. This enhances the
threshold voltages of the unused memory cells after the
write operation at step 1201 is performed. Therefore, the
threshold voltages of the unused memory cells are surely
made higher as indicated by Y2' in FIG. 16.

In FIG. 17, which illustrates a fourth embodiment of the
present invention, the second embodiment is combined with
the third embodiment, i.c., step 1002 is added to the routine
of FIG. 14. That is, before the flash erase operation, a write
operation is also performed upon the unused memory cells.
As a result, the threshold voltages of the unused memory
cells are made high. This reduces the number of operations

at steps 1201 and 1401, thus reducing the entire time.

Actually, the genecration of defective memory cells is
often due to a short-circuit between two adjacent word lines.
Therefore, even when a write operation is performed upon
the memory cells connected to one of the short-circuited
word lines, the power supply voltage V, , applied to this one
of the short-circuited word lines is reduced by the other of
the short-circuited word lines, so that it is impossible to
carry out this write operation. In order to surely perform a
write operation upon the defective memory cells due to the
short-circuit of two adjacent word lines, the two adjacent
word lines are simultaneously selected. For this purpose, the
predecoder 1101 of FIG. 11 can be constructed as illustrated
in FIG. 18.

In FIG. 18, AND circuits G1-0, G1-1, ..., G1-6 and G1-7
for receiving row address signals A, A, and A, and their
inverted signals are combined with NOR circuits G2-0,
G2-1,...,G2-6, G2-7, respectively, to form NAND circuits.
Also, AND circuits G3-0, G3-1, . . . , G3-6, G3-7 for
receiving control signals O and E are combined with the
NOR circuits G2-0, G2-1, . . . G2-6, G2-7, respectively.
Also, reference numerals I,, I,, . . . , I, and I, designate
inverters. For example, if A ,=A=A,="1" and E="1", not
only is the predecode signal BX0 high, but the predecode
signal BX1 is also high. Also, if A;="0", A,=A,="1" and
0O=*1", not only the predecode signal BX1 is high, but the
predecode signal BX2 is high. Thus, two of the word lines
are simultaneously selected by causing the control signal O
or E to be “1”.

In the above-described write operation, the power supply
voltage V,, p is applied to one or more of the word lines (i.e.,
the control gates), and the sources or drains are grounded. As
aresult, electrons are expelled from the floating gates to the

sources or drains ultilizing the Fowler-Nordheim tunnelling.
However, the write operation can be carried out by the hot

electron injection effect. In this case, when simultaneously
accessing two word lines, the drain voltage may be reduced.

In order to avoid this, the drain voltage can be made higher.

As explained hereinbefore, according to the present
invention, since the over-erase of the unused memory cells
can be compensated for, the manufacturing yield of the
device can be enhanced.

I claim:

1. A method for writing, erasing and writing a nonvolatile
semiconductor memory device including used memory cells

and unused memory cells, comprising the steps of:

10

15

35

45

35

65

12

performing a first write operation upon said used memory
cells;

performing an erase operation upon said used memory
cells and said unused memory cells, after said first write
operation is performed; and

performing a second write operation upon said unused
memory.

2. The method as set forth in claim 1, wherein said

nonvolatile semiconductor device includes normal memory
cells and redundancy memory cells

said used memory cells being forming by said normal
memory cells and said unused memory celis being
formed by said redundancy memory cells, when all said
normal memory cells are not defective,

a portion of said redundancy memory cells replacing a
portion of said normal memory cells so that said used
memory cells are formed by said normal memory cells
except for said portion of said normal memory cells and
said portion of said redundancy memory cells and said
unused memory cells are formed by said portion of said
normal memory cells and said redundancy memory
cells except for said portion of said redundancy
memory cells, when said portion of said normal
memory cells are defective.

3. The method as set forth in claim 1, further comprising

the steps of:

performing a verifying operation upon said used memory
cells and said unused memory cells to verify whether or
not threshold voltages of said used memory cells and
said unused memory cells are lower than an upper limit
value, after said erase operation is perfarmed; and

repeating said erase operation and said verifying
operation, when at least one of the threshold voltages is
not lower than said upper limit value.

4. The method as set forth in claim 1, further comprising

the steps of:

performing a verifying operation upon said unused
memory cells to verify whether or not threshold volt-
ages of said unused memory cells are higher than a
lower limit value, after said second write operation is
performed; and

repeating said second write operation and said verifying
operation, when at least one of the threshold voltages is
not higher than said lower limit value.

5. The method as set forth in claim 1, wherein said second
write operation is performed by simultaneously selecting a
plurality of word lines connected to said unused memory
cells.

6. The method as set forth in claim 1, wherein said second
write operation is performed by using a tunnelling effect.

7. The method as set forth in claim 1, wherein said second
write operation is performed by hot electron injection effect.

8. The method as set forth in claim 1, further comprising
a step of performing a third write operation upon said unused
memory cells, before said erase operation is performed.

9. The method as set forth in claim 8, wherein said third
write operation is performed by simultaneously selecting a
plurality of word lines connected to said unused memory
cells.

10. The method as set forth in claim 8, wherein said third
write operation is performed by using a tunnelling effect.
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11. The method as set forth in claim 8, wherein said third
write operation is performed by a hot electron injection
effect.
12. A nonvolatile memory device comprising

used memory cells; and

unused memory cells whose threshold voltage is positive,
wherein said used memory cells are formed by normal
memory cells and said unused memory cells are formed
by redundancy memory cells, when said normal

memory cells are not defective, and

when a portion of said normal memory cells are defective,
said used memory cells being formed by said normal

14

memory cells which are not defective and at least one
of said redundancy memory cells, and
said unused memory cells being formed by said defective
portion of said normal memory cells and redundancy
memory cells not forming said used cells.
13. The device as set forth in claim 12, further comprising
means for simultaneously selecting a plurality of word lines

10 connected to said memory cells to perform a write operation

upon said memory cells through said word lines.
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